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Abstract 

Introduction. It is obvious that in the near future, the issues of equipping moving robotic systems with autonomous 
control elements will remain relevant. This requires the development of models of group pursuit. Note that optimization 
in pursuit tasks is reduced to the construction of optimal trajectories (shortest trajectories, trajectories with differential 
constraints, fuel consumption indicators). At the same time, the aspects of automated distribution by goals in group pursuit 
were not considered. To fill this gap, the presented piece of research has been carried out. Its result should be the 
construction of a model of automated distribution of pursuers by goals in group pursuit. 

Materials and Methods. A matrix was formed to study the multiple goal group pursuit. The control parameters for the 
movement of the pursuers were modified according to the minimum curvature of the trajectory. The methods of pursuit 
and approach were considered in detail. The possibilities of modifying the method of parallel approach were shown. 
Matrix simulation was used to build a scheme of multiple goal group pursuit. The listed processes were illustrated by 
functions in the given coordinate systems and animation. Block diagrams of the phase coordinates of the pursuer at the 
next step, the time and distance of the pursuer reaching the goal were constructed as a base of functions. In some cases, 
the location of targets and pursuers was defined as points on the circle of Apollonius. The matrix was formed by samples 
corresponding to the distribution of pursuers by goals. 

Results. Nine variants of the pursuit, parallel, proportional and three-point approach on the plane and in space were 
considered. The maximum value of the goal achievement time was calculated. There were cases when the speed vector 
of the pursuer was directed arbitrarily and to a point on the Apollonius circle. It was noted that the three-point approach 
method was convenient if the target was moving along a ballistic trajectory. To modify the method of parallel approach, 
a network of parallel lines was built on the plane. Here, the length of the arc of the line (which can be of any shape) and 
the array of reference points of the target trajectory were taken into account. An equation was compiled and solved with 
these elements. On an array of samples with corresponding time values, the minimum time was found, i.e., the optimal 
time for simultaneous group achievement of multiple goals was determined. For unified access to the library, the control 
vector was expressed through a one-parameter family of parallel planes. A library of calculations of control vectors was 
formed. An example of applying matrix simulation to group pursuit was shown. A scheme of group pursuit of multiple 
goals was presented. For two goals and three pursuers, six samples corresponding to the distribution of pursuers by goals 
were considered. The data was presented in the form of a matrix. Based on the research results, the computer program 
was created and registered — “Parallel Approach on Plane of Group of Pursuers with Simultaneous Achievement of the 
Goal”. 

Discussions and Conclusion. The methods of using matrices in modeling group pursuit were investigated. The possibility 
of modifying the method of parallel approach was shown. Matrix simulation of group pursuit enabled to build its scheme 
for a set of purposes. The matrix of the distribution of pursuers by goals would be generated at each moment of time. 
Methods of forming matrices of the distribution of pursuers and targets are of interest in the design of virtual reality 
systems, for tasks with simulating the process of group pursuit, escape, evasion. The dynamic programming method opens 
up the possibility of automating the distribution with optimization according to the specified parameters under the 
formation of the matrix of the distribution of pursuers by goals. 
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AHHOTauHA 

Beedenue. OuesugqHo, 4uTo B OnMxKalilIee BpeMA COXpaHAT aKTYaJIbHOCTb BOMPOCbI OCHAaLeHHA ABYKYLIMXCcA 
PoOoTOTeXHHYeCKHX KOMIIICKCOB 3JIEMCHTaMH ABTOHOMHOLO yupaBJIeHHA. ITO TpeOyeT pa3sBHTHA MOJeNe TpymmoBoro 
lipecueqoBanua. OTMeTHM, YTO ONTHMUB3AaIlHA B 3aa4yax TpeceqOBAaHHA CBOAHMTCA K MOCTPOCHHIO OMTHMAJIbHBIX 
TpaeKTopuit (KpaTuaiwiMe TpaeKTOpuH, TpaeKTopuu c AuddPepenuHabHEIMH OTpaHH4eHHAMH, NWOKa3aTeIH pacxoya 
TormBa). [Ipu 9TOM He paccMaTpHBaIOTCA ACIICKTLI ABTOMATH3HPOBAHHOLO paciipeseeHHA M0 WesA1M Ip rpyiioBoM 
mpecneqoBanun. J|ni BOCHOMHeEHHA ITOTO Tpobea BEIMIONHeHa MpescTaBeHHat HaydHaa padota. Ee pesynbTaToM 
JOJDKHO CTaTb MOCTpoeHHe MOJeIM ABTOMATH3HpOBaHHOrO paciipeyeueHuA MpecteqoBaTeei M0 WesAM B IpyilloBoM 
TipecleqOBaHHun. 

Mamepuaanoi u memoooi. [na w3ysenus rpymmoBoro MpecweqoBaHuA MHOXKeCTBa ese ctopMHMpoBaHa MaTpHa. 
YmpaBiAloWve MWapaMeTph! ABUWXKCHHA MpecweqoBaTeseH MOAMPUUMpOBaHbI HO MMHUMaJIbBHOM KPHBH3He TpacKTOpHH. 
J\eTanbHo paccMOTpeHbI MeTOAI MOroHH U cOmMKeHUA. [loKa3aHbI BOSMOKHOCTH MOAMMUKALMM MeTOsa MapaseubHOrO 
cOmmxkeHu1. MatpwuHoe MoyesMpoBaHve 3ajelcTBOBaIM JJId MOCTpOeHHA CXeMbI TpyiMoBoro MpecweqOBaHHA 
MHOxecTBa Hemel. [lepeuucueHHble MpOLecchl MpOMWIOCTpHpoBaHbl (yHKUMAMM B 3aJjJaHHbIX CHCTeMaX KOOPAHHAT U 
aHuMaunei. Kak 6a3a (yHKUMi MOCTpOeHbI OIOK-CXeMBI (Pa30BbIX KOOPAHHAT MpecieqoBaTelA Ha CHeYIOWeM Ware, 
BPeMeHH HM paccTOAHHA JOCTIMKeEHHA MIpecseqoBaTesem Wer. B paye ciryyaeB pacnouoxKeHHe Lelel u mpecieqoBatesen 
ompeyeseHo Kak TOUKH Ha OKpyxkHocTH AnosioHHa. Matpuua ccbopmupoBaHa 0 BbIOOpKaM, COOTBeTCTBYIOUIMM 
paciipeyleseHuro pecseqoBaTesen M0 IeuaM. 

Pezyismamoi ucciedoeanua. PaccMoTpeHbl JeBATb BapHaHTOB MOFOHH, MapasWIeNbHOrO, MpOMOpyMoHabHorO 
TPeXTOYCYHOTO COMM KEHHA Ha MIOCKOCTH H B MpoctpaHcTBe. PaccuvTaHo MaKCHMAaJIbHOe 3HayeHHe BPeMeH JOCTWKeHHH 
lee. OTMe4eHBI CyyaH, KOra BEKTOP CKOPOCTH MpecieqoBaTeIA HalpaBJIeH MPOU3BOJIbHO H B TOUKY Ha OKpy?KHOCTH 
AnlosIoHHa. OTMeYeHO, YTO TpexTOYeYHBI MeTOA cOMMKeEHHA yHOOeH, eCIM Web TBMKeETCA MO OaMcTHYecKOH 
Tpaextopuu. Jia MoAMuKayHH MeTOAa NapaliesbHoro COMKeHHA Ha WIOCKOCTH CTPOHTCA CeTb MapasIebHbIx 
muni. [pu 3TOM y4TeHbI WHHa Ayu MH (KOTOpad MOET ObITb MIPOH3BOJIbHOM (POpMBbI) H MaCCHB OMOPHBIX TOUCK 
TpaekTopuu wel. C aHHbIMH 93JIEMeHTaMHM cCOcCTaBIeHO HM pelleHoO ypaBHeHue. Ha maccuBe BbIOOopoK c 
COOTBETCTBCHHBIMH 3HaYCHHAMH BPeMeH HaliJeHO MMHMMaJIbHOe BPeMA, TO eCTb OMpeeeHO OMTHMasIbHOe BpeMA 
OJHOBPeMeHHOTO TpyMMoBoro OcTwWKeHHA MHOxecTBa Lene. Jai yHudpuyupoBaHHoro oOpaujenua K OnOMOTeKe 
BbIPAKEH YIPaBIIAIONIMM BEKTOP Yepe3 OAHOMApaMeTPHYECKOEe CeMEMCTBO MapaWIeIbHBIX WWIOcKocTeli. CpopMupoBana 
OuOMOTeKa pacueTOB yiIpaBJIAIOWMx BeKTopoB. Hloka3aH UpHMep UpHMeHeHHA MaTpH4Horo MOJeMpoBaHHA K 
rpylmoBomy lpecsieqoBannio. Ipeyctapsena cxeMa rpymoBoro NpeceqoBaHuaA MHOxKecTBa Leen. Ja WByX Weevi u 
Tpex IpecuieqoBaTesei paccMOTPeHbI LWeCTb BLIOOPOK, COOTBETCTBYIOINMX paclipeseeHHIo IpecieqoBaTesen M0 WesAM. 
JlanHble npeycTaBeHbI B Bue MaTpuubi. Ilo uToraM Hay4HbIx U3bICKAaHH Co3qaHa UW 3aperMcTpupoBaHa UporpamMa 
aia IBM «Moyen mapanenbHoro cOmMWKeHHA Ha MWIOCKOCTH IrpylIlibl WpecweqoBaTeseli Cc OHOBPeMeHHbIM 
TOCTWKEHHEM Les)». 

O6cyscdenue u 3aKkniouenue. VUiccneqoBaHbl MeTOAbI MCHONb30BaHHA MaTpHI, pH MOJeMpoBaHuu rpynnmoBoro 


TipeciI¢qOBaHHaA. Tloka3aHa BO3MO2KHOCTb Moqu@uKalMn MeTOJa = TlapaJIeIbHOTO cOIMKeHUA. Marpyu4Hoe 
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MOJCJIMpOBaHHe TpymIOBoro WpecsIeqOBaHHA WO3BOJIACT BbICTPOHTb CrO CXCMYy JIA MHO2KCCTBA wWeseu. Marpnia 
paciipeqesIeHuA lipecsIeqOBaTesen TIO WeJIAM OyqeT TeCHepHpOBaTbCsA B KaK bIM MOMCHT BpeMeHH. MeroybI cbopMupoBaHHua 
MaTpHI paciipeqeseHua lipecuieqoBaTesieit Mi Ween TIPCACTaBILAFOT HHTepec Ip WpOeCKTHpOBaHHu CHCTCM BUpTyasIbHoHi 
peasIbHOCTH, It 3afad C MOCIMpOBaHHeM Iipowecca rpylHOBoro IipecsiIeqoBaHHA, yOeraHua, YKJIOHCHHA. Metoy 
AWMHAMHYeCKOrO HpOrpaMMHpoBaHHa ITIpu cbopMupoBaHHH MaTpHUbI paciipewqesienuA lipeculeqoBaTesei TO WeJIAM 
OTKPBIBaeT BO3MO?2KHOCTb aBTOMAaTH3alHn paciipeesIeHHA C ONTHMH3alMe 10 3a{aHHbIM TlapaMeTpaM. 


KoroueBbie  cJIOBa: ayTOpHTM IpyHMOBOrTO HpecsiIeqOBaHHA, ONTHMH3alvaA B 3ayadax = lipeciueqOBaHHA, 
aBTOMAaTH3HpOBaHHoe paciipewesenne TlO IeJ1AM, MaTpHia AOCTH2KCHUA TipeciIeqOBaTeAMH lWeseH, 
aBTOMAaTH3HpOBaHHoe NpHHATHe pemiennii, aBTOHOMHOE yiipaBJIeHHe, MapasIesIbHOe cOmmKeHHe, TIPONOPUHOHAIBHOe 
cOmmKeHHe, TpexToueyHbli MeTO cCOIMKeEHHA, OuOmMoTeKa pacudeToOB yiipaBJIAIOWIHX BEKTOPOB 


BaarogqapHoctTn: aBrop BbIpaxkKaeT MpH3HaTebHOCTS ZupeKtopy MHctuTyta MaTeMaTHKH Hu UHdopMaTuKu bypatcKoro 
rocyfapcTBeHHoro yHuBepcnteta uM. JJ. ban3apopa AnToHoBoi Jlapuce BacusbeBHe 3a MOMOLIb, OKa3aHHy!0 B padote 
Hay, cTaTbeii. 


Ansa nuTupopanna. J[yOaHos A.A. Metorpl IpuMeHeHHa MaTpUI pu Co3{aHuu MOJesel rpynnoBoro mpeciieqoBaHUA. 
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Introduction. The pursuit algorithms are studied from the point of view of their classical and optimal implementation. 
Their role in differential pursuit games is investigated. The applied sphere of ready-made solutions is very wide, because 
the results of such scientific research are applicable in various information technologies and systems, in particular, in 
search engines. Undoubtedly, the issues of equipping moving robotic complexes with autonomous control elements will 
be of current concern for a long time, which also requires high-quality implementation of the algorithms under 
consideration. 

In [1-4], the coordinated behavior of a group of pursuers and targets was investigated. For general theoretical and 
practical issues in the problems of persecution, works [5—9] were considered. The guidance of the pursuer to the target 
was analyzed considering the information provided in [10-13]. 

With all the theoretical and practical interest in this topic, optimization in pursuit problems was limited to the 
construction of optimal trajectories. Specifically, the shortest trajectories, trajectories with differential constraints, fuel 
consumption indicators were proposed. But the aspects of automated distribution by goals in group pursuit were not 
considered. To fill this gap, this scientific work was carried out. Its basic result was the construction of a model of 
automated distribution of pursuers by goals in group pursuit. The formation of a matrix of achieving goals by pursuers 
was shown. When assigning goals to the pursuers, all possible combinations of achieving goals were sorted out, and a 
combination of the minimum value of the criterion from the generated set with the maximum value was selected. 

Optimization of the multiple goal group pursuit is a promising direction for the development of such a discipline as 
optimal motion control in tasks related to automated decision-making and autonomous management. 

Materials and Methods. In the model of group pursuit described in the paper, targets move along predefined 
trajectories. However, this predestination does not matter in principle. The pursuers are distributed by the targets 
automatically, based on the minimax solution of the goal function. Then the control parameters of the pursuers' movement 
are modified. In this paper, this is the parameter of the minimum curvature of the trajectory. This approach allows for 
simultaneous achievement of goals. 

Consider a group pursuit of a set of goals: N pursuers catch up with M goals. We form a matrix of the distribution of 
pursuers by goals: 

YW, where i=1.N,j=1.M. 


Each cell ‘Yj; contains information about the phase coordinates of the i-th pursuer and the j-th target. Matrix Vj 
contains information about the method by which the i-th pursuer goes after the j-th goal. 

The data stored in the cells of the matrix determines the access to the library of calculations of the control vectors of the pursuer. 

In each cell of matrix Yj, the predicted time for the i-th pursuer to reach the j-th goal can be calculated: fj. 

Research Results 


In each received sample A, ={v hs it is required to find the maximum value of achievement times 


Adie 77 ~~ tnk Ink 


i Max{t,| ,e.g., from {t,,, (Table 1). 
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Table | 
Samples corresponding to the distribution of pursuers by goals 
Goals 

g 2 1 2 1 2 1 2 1 2 1 
zB 1 x x x 
5 
a 2 x x x x 

3 x x x x 
Samples Al A2 A3 A4 As A6 
It is necessary to form matrices ‘Yj, where i= 1...3, j=l...2 according to the possible samples 


A,k=1...6. Then, after the conversion, maximum value t;=Max {t,} is found. The calculation made it possible to establish 
that pursuer P;, demonstrated the greatest time of achievement, catching up with goal 7; from sample Az. 
Thus, consider sample Ax. You can increase to the value of parameter ¢, all values tj, depending on the velocity vectors 


of the pursuers and goals, as well as their permissible angular velocities. This determines maximum value t. 


Having received an array of samples {Ax} with corresponding time values {tj}, it is necessary to find minimum time 


tmin=Min { t,}. This is how the optimal time for simultaneous group achievement of multiple goals is determined. 
Algorithms for calculating the next step of the pursuer and estimating the time when the pursuer reaches the 
goal. Figure 1 shows the algorithm of the function for calculating the next step and the speed vector of the pursuer. 


Accessing the library of control vector 
Start age 
calculations u 


Input of current coordinates of pursuer P , vector of the current speed of 


pursuer V,, , permissible angular rotation of pursuer wp, control vector 7, 


Pe 
discrete time interval Ar. 


Translation to local coordinate system. Abscissa is vector # . Start is at the 
location of pursuer P. Speed vector of pursuer V, . In the local coordinate system, 


angle a between velocity direction V, and control vector # (abscissa of the local 


coordinate system) is calculated. 


‘OS ( Oey ) 
IM( Gey) 


Translation of values P,,,,,V,, into the Translation of values P.,,,V,,.,, into the 


new?" Ihew new ? 


traditional coordinate system. traditional coordinate system. 


Fig. 1. Flowchart for calculating phase coordinates of the pursuer in the next step 


Dubanov AA. Methods for Applying Matrices when Creating Models of Group Pursuit 


Figure 2 shows an algorithm for calculating the time and distance of the pursuer reaching the goal. Variable e€ is the 


threshold value of the distance from the pursuer to the target, at which the goal is considered to have been achieved. 


Calculating the distance between pursuer Entering the initial phase coordinates 
and target AS, i = 0. of pursuer and target. 


Reference to function of 
calculating phase 


Calculating the distance between pursuer and coordinates of pursuer. 


target AS, i=i+1. 


Entering current phase 
coordinates of target. 


Fig. 2. Flowchart of the function for calculating the time and distance of reaching the goal by the pursuer 


If the target moves along a predetermined trajectory, then the algorithm shown in Figure 2 can give an estimate of 
time f; for the i-th pursuer to reach the j-th goal. In this case, the output parameter of the function can be the number of 
iterations of the pursuit process Nj; Number of iterations Ni;— output parameter of the function for calculating the time 
and distance of reaching the goal by the pursuer. 

If the goal replies to avoid achievement, you should evaluate the time differently. It is necessary to build predicted 
trajectories as composite segments of straight lines, arcs of circles, square and cubic parabolas and other known lines. 
This will make it possible not to solve boundary value problems in the calculation cycle. 

Formation of a library of control vector calculations. The distribution matrix ‘i, where i= 1...N, j=1...M 
pursuers by goals is built on each discrete time interval. In each cell of matrix Yj; , information about the method 
of persecution is stored. It is based on the reference to the library of functions for calculating control vectors u 
(Fig. 3-11). 


Fig. 3. Pursuit method on the plane and in space: 4; = 


. Here, T, — target position point, 


P — point of the pursuer's position [14] 
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|K-P| 


Fig. 4. Method of parallel approach on the plane: u = T — target position point, P — point of the pursuer's position, 


K — point on the Apollonius circle. It is uniquely determined by points P, T and target velocity vector V, [15] 


|K-P 


on the Apollonius circle. The Apollonius circle lies in plane X, 


Fig. 5. Method of parallel approach in space: u = , T — target position point, P — point of the pursuer's position, K — point 


formed by points P, T and target velocity vector Vr{16]. The case is shown when the velocity vector of the pursuer is directed 


arbitrarily. As time passes, the velocity vector of the pursuer is directed to a point on the circle of Apollonius. 


z=fQy). 


Fig. 6. Pursuit method on the plane: u, = 1 , where P,, — result of the intersection of surface z=f (x,y), planes Ae and 


Fi, 
IF. 


. 


sphere S; centered at point Pi. Paguyc \v,,| -At . Radius ra — orthogonal projection of point P; onto XY plane. 


For unified access to the library, it is necessary to express the control vector [17]. 
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i+] i 


Fig. 7. Method of parallel approach on the plane: u, = . Here, Pi+1 — result of the intersection of surface 


z=f (xy), plane PoP T,,, and sphere Sicentered at point Pi. Radius \v,,| “At. 


i+” itl 


Point ae — orthogonal projection of point Pi+1 onto XY plane. For unified access to the library, it is necessary to express the 


control vector. ®;— one-parameter family of parallel planes [18] 


d0_ dy FAM le 7 
Fig. 8. Proportional approach method: — = k -— , Ag = arccos ; 
dt dt 2 ri T| : T.., 
Beha aa tal 
; ; , V,-At-cos| k-arccos 

inf +nal In -T, IE) Ke _ pp 
A0 =k-arccos| — ; —— a ae =— : 
2 ARI WE Fal - Tra i 


nl + 
V, -At-sin| k -arccos 5 


T|- 


i 
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Fig. 9. Three-point approach method: 


The method is convenient if the target is moving along a ballistic trajectory. 
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fia Cs) 


f(s) 


Fig. 10. Modification of the parallel approach method on the plane. A network of parallel lines is being built 
Tig (s) =f, (s) +T,,,—T, , where s — arc length of the line, T;— array of reference points of the target trajectory. Solving the 


equation (ha (s) = py = (V, -Aty with respect to parameter s provides finding value s", which corresponds P., = f,,, (s° ). 


-—P 
u, = [P.,-P] Family fi(s) can have lines of any configuration [19]. 


Fig. 11. Modification of the parallel approach method on the plane. Network /i(s) is built, where s — arc length of the line, 
T; — array of reference points of the target trajectory. The condition is fulfilled that the end of line fi(s) passes through point T; and 


point P; is an incident on line fi(s), i.e., it is used as a pattern. Solving the equation (fa (s) —P y = (V, -Aty with respect to 


& 4 tan F 
parameter s provides finding value s*, which corresponds P,,, = f,,, (s ) JU, = iP. —P] : 


i+] 


Family fi(s) can have lines of any configuration [20]. 


Thus, the library of calculations of control vectors contains methods of pursuit on the plane, in space, and on the 
surface. Parallel approach methods are calculated on the plane, in space, and on the surface. Proportional approximation 
methods are calculated on the plane and in space. Three-point methods are calculated on the plane and in space. Modified 
pursuit methods are calculated on the plane and in space, when the permissible curvature of the trajectories is used to 


control the pursuer. Modified methods of parallel approach are calculated on the plane and in space. 
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Modification of the methods of parallel approach and pursuit provide building a network of predicted trajectories that 
allow for various boundary conditions. This is illustrated in Figures 3-11. But not all methods of calculating control 
vectors are presented in them. It is assumed that this is an open, replenished library of functions. 


Case of applying matrix modeling to group pursuit. Consider a case of group pursuit (Fig. 12). 
I 


Fig. 12. Scheme of multiple goal group pursuit 


Here, all pursuers achieve the goal using a modified method of parallel approach, which corresponds to Figure 10. In 
the pursuit model in Figure 10, the curvature of the trajectory should not be greater than a certain value. Therefore, the 
initial radius of curvature of the trajectory increases for pursuers Pz and P3as shown in Figure 12. 

Sample Ax, has been formed, in which pursuer P; catches up with 7;, Then there is a primary evaluation of the time of 
reaching tj. To estimate time fy, the following are calculated: 

— length of the rectilinear section to the target, 

— length of the arc of the mating circle of the permissible radius. 

Then maximum value 4=Max{tj} is selected. An increase in time fj to % occurs in this model due to an increase in 
radius of the mating circle from value 7; to 7; +67;,in pursuer P;. 


Figure 13 is supplemented with an animated image showing the process of multiple goal group pursuit [21]. 


Trajectories of pursuers Positions of pursuers 
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Trajectories of pursuers Positions of targets and pursuers coincide 


-30 = = & 
-30 30 


Networks of predicted trajectories Positions of targets 
b) 
Fig. 13. Schemes of group pursuit phases: a — initial phase; b — final phase 

Based on the results of the study, a computer program, which implements an algorithm for group pursuit of several 
goals was created and registered [22]. This software solution is called “Parallel Approach on Plane of Group of Pursuers 
with Simultaneous Achievement of the Goal”. 

Discussion and Conclusions. The methods of pursuit, parallel, proportional and three-point approach were described 
and visualized as functions on the plane, on the surface, and in space. In addition, the possibilities of modifying the 
method of parallel approach on the plane were shown. With the application of matrix modeling to group pursuit, a scheme 
of multiple goal group pursuit was built. The initial and final phases of this process were shown separately. The calculation 
of the achievement time made it possible to identify the pursuer who needed the most time to reach the goal from the 
sample under consideration. 

Thus, it is assumed that the matrix of the distribution of pursuers by goals is generated at each moment of time. Goals 
and pursuers may disappear, new ones may appear. This matrix can also be used by the party representing the targets who 
evades prosecution. The results of the scientific research described in the article allow us to form the principles of 
automated distribution of pursuers by goals based on the selected target function. Algorithms for modifying the 
trajectories of pursuers to achieve goals simultaneously or according to a set schedule were proposed. The issues of 
forming a library of pursuit methods were also considered. The method of forming a matrix of the distribution of pursuers 
by goals can be in demand when designing virtual reality systems for game tasks in which the process of group pursuit, 


escape and evasion is simulated. 
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